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Using a Navier-Stokes isotropic turbulent field numerically simulated in a box with a discretization of 1024 3 (Biferale et al., 2005) , we show that the probability of having a ∧ stretching-tilting larger than a few times the local enstrophy is low. By using an anisotropic kind of filter in the Fourier space, where wavenumbers that have at least one component below a threshold or inside a range are removed, we analyze these survival statistics when the large, the small inertial or the small inertial and dissipation scales are filtered out. By considering a flow obtained by ∧ randomizing the phases of the Fourier modes, and applying our filtering techniques, we identified clearly the properties attributable to turbulence.
It can be observed that, in the unfiltered isotropic Navier-Stokes field, the probability of the ratio (|ω ·∇U|/|ω| 2 ) being higher than a given threshold is higher than in the fields where the large scales were filtered out. At the same time, it is lower than in the fields ∧ where the small inertial and dissipation range of scales is filtered out. This is basically due to the suppression of compact structures in the ranges that have been filtered in different ways. The partial removal of the background of filaments and sheets does not have a first order effect on these statistics. These results are discussed in the light of a hypothesized relation between vortical filaments, sheets and blobs in physical space and in Fourier space. The study in fact can be viewed as a kind of test for this idea and tries to highlight its limits. We conclude that a qualitative relation in physical space and in Fourier space can be supposed to exist for blobs only. That is for the near isotropic structures which are sufficiently described by a single spatial scale and do not suffer from the disambiguation problem as filaments and sheets do.
Information is also given on the filtering effect on statistics concerning the inclination of the strain rate tensor eigenvectors with respect to vorticity. In all filtered ranges, eigenvector 2 reduces its alignment, while eigenvector 3 reduces its misalignment. All filters increase the gap between the most extensional eigenvalue ⟨λ 1 ⟩ and the intermediate one ⟨λ 2 ⟩ and the gap between this last ⟨λ 2 ⟩ and the contractile eigenvalue ⟨λ 3 ⟩. When the large scales are missing, the modulus of the eigenvalue 1 becomes nearly equal to that of the eigenvalue 3, similarly to the modulus of the associated components of the enstrophy production. associated to this phenomenon: the onset of instability, vorticity which has a near K41 structure [28, 29] . The phase ∧ randomization 1 procedure, which consists in replacing the phase of each individ- 
where U is the velocity field, S ij is the strain rate tensor, and We focus now on a few statistical properties of ω·∇U |ω| 2 . The pdf of 53 the components of this vector (which are statistically equivalent, 54 since the field is isotropic) is shown in Fig. 4 . Symmetry with the 55 vertical axis is expected because of isotropy; the skewness is in 56 fact approximately 10 −2 , which is not meaningfully far from zero.
57
However, the distribution cannot be approximated with a Gaussian 58 function. In fact, the actual kurtosis is approximately 55, which is 59 very far from the Gaussian value of 3.
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The range of values attained by f (x) is wide. Values as high as 61 a few hundreds were observed at a sparse spatial points. In order to read the typical values of f (x), we study its survival function. By It has been found that, when f (x) is evaluated on a well resolved a band-stop filter. To focus in an empirical way on the three prin-1 cipal kind of geometrical structures observed in turbulence, fila-2 ments, sheets and blobs, we use here a highly anisotropic kind of 3 filter, which is less traditional than the axisymmetric-type filter.
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Of course, given the inadequacy of the spectral representation to 5 account for the complex three-dimensional geometry of the tur-6 bulent structures commonly seen through visualization tools, the 7 approach we use here is not rigorous and should be considered no 8 more than propaedeutical.
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To reason on the implication of the filtering on the flow. In ing is to study, as a reference, a near Gaussian velocity, that has 13 K41 structure, with no structures, no energy transfer, no intermit- 14 tency, no preferential vorticity alignment. To do so, we have taken 15 the present velocity field and randomized the phase of the Fourier 16 transform using a uniform distribution while respecting the peri- 17 odicity, see the visualization in Fig. 3 . The resulting field is not per-18 fectly Gaussian, but it has a lower skewness and kurtosis, thus it 19 is less intermittent and has a less intense energy transfer of the 20 Navier-Stokes field, see Table 1 . It has no preferential vorticity The first kind of filter here used is a sort of high-pass filter, Q4 25 which we refer to as cross filter and which allows to remove the 
The representation of this high-pass filter, g hp , can be given by 
(4)
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Since function g hp filters any wavenumber that has at least one Table 1 Field statistics on a single time instant of the components of the velocity, vorticity and normalized vortex stretching vectors. Re λ = 280, number of grid points 1024 3 . The computational box is 2π wide and the longitudinal correlation length is 1.4. The velocity is normalized on its standard deviation. The randomization is carried out on the velocity field. The small decrease from 1 to 0.989 of the standard deviation for the randomized velocity field measures the numerical accuracy of the phase-randomization procedure. The slight departure from zero for the mean and skewness values (from 3 for kurtosis values) are due to effects associated to the low wave number forcing used to maintain steady the isotropic turbulence and to the numerical error associated to the computation of the vorticity and normalized stretching from the velocity field. The effect of the forcing is mainly felt in the velocity skewness and less in the spatially differentiated quantities where the statistical weight of high wave numbers is higher. The numerical error related to exponentiation, spatial differentiation, etc. instead it is more important for the statistics on the vorticity and the vortex stretching. 3.03 As far the randomized field is concerned, two things should be 13 noted. First, the survival function of the normalized vortex stretch- 14 ing is twice to four time higher than that of the natural NS field, ei- 15 ther unfiltered or filtered. In practice, it seems to be an upper bound 16 for the set of the unfiltered, high pass and band cut filtered NS fields 17 here considered. Second, the survival function of the randomized 18 field is very little affected by the filtering. This is an effect which can 19 be explained by the reduced presence of flow structures induced 20 by the randomization. In Fig. 7 , one can observe a zoom of the dif- 8, the randomized case shows a few % of variation only. 25 To summarize, for the Navier-Stokes velocity fluctuation it is 26 possible to say that when we reduce the weight of the large- filtering. In this case, the band width can be extended to obtain a 10 low pass filtering.
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This filter can be obtained by reducing the contribution of a 12 variable band (see Fig. 5 , part in red)
This yields the filter function g bs 16 g
. 19 The effects of the application of this band-stop filter on the 20 survival probability P(f (x) ≥ s) are shown in Fig. 8 and in the right 21 panel of Fig. 9 . 22 Let us now consider the inertial range in an extended way, which ble, has not been plotted in Fig. 8 and in the right panel of Fig. 9 .
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To see the effect of the filters on the vortical structures, the vor- Fig. 8 , where 19 the survival ratio of the vortex stretching and vorticity intensities 20 is enhanced with respect to the natural situation. Thus, it seems 21 that the partial absence of the inertial range amplifies the vortex 22 ∧ stretching-tilting process. It should also be noted that the density 23 of flow structures is distributed in almost the same way in all the 24 panels, though the shape and typology of the structures is different. 25 We have tried to visualize the filtering effect also by means of be written as f (x) = |S| |ω| [s 2 i (e i * e ω ) 2 ] 1/2 where |S| is the magnitude Fig. 11 . Visualization of the vorticity magnitude in a section parallel to one face of the computational box. Re λ = 280, see Table 1 , for an overview of statistical estimates.
First row (a, b, c): unfiltered field. Second row (d, e, f): the wave number range 0-20 is filtered out by using the high-pass cross filter. Third row (g, h, i): the wave number range 30-150 is filtered out by using the band-stop cross filter. Fourth row (l, m, n) the wave number range 30-infinity is filtered out by using the low-pass cross filter. In the first column (panels a, d, g, l), it is possible to see the vorticity magnitude ∧ contour plots of the entire 1024 3 grid domain. In the second and third column (panels b, e, h, m and c, f, i, n), the pseudocolor plots of a 256 3 portion of the grid (black box in the previous column) are shown. In the third column the range of magnitude values in between 10 and 30 is visualized to show the details of the part of the field where the vorticity magnitude is below its rms value, which is equal to 32. Note that the part above the rms is visualized in the central column, where the entire range of values is included. The Pseudocolor method maps the data values of a scalar variable to color. The plot then draws the colors onto the computational mesh. The field is visualized by means of VisIt (https://wci.llnl.gov/codes/visit/). and the band-stop filter where wavenumbers 30-150 are removed, 1 see Eq. (5). We first observe that the standard trend of the align-2 ment is not fully spoiled by the filtering. In both filtering cases, 3 eigenvector 2 reduces its alignment, while eigenvector 3 reduces 4 its misalignment. Conversely, eigenvector 1 instead shows a differ-5 ent behavior. In the band-stop filtering case (large scale dominate) 6 eigenvector 1 slightly increases the alignment. In the high-pass 7 filtering, eigenvector 1 reduces the alignment that becomes sta-8 tistically equal to that of the eigenvector 3. This is confirmed, see 9 Table 2 , by considering the ratio among the field averaged strain 10 rate tensor eigenvalues and related component of the enstrophy 11 production, ⟨σ i ⟩/⟨σ tot ⟩, where ⟨·⟩ is the average over all the com-12 putational domain (1024 3 grid point box), σ i = ω 2 λ i cos 2 (e ω , e i ) 13 and σ tot = ⟨  i ω 2 λ i cos 2 (e ω , e i )⟩. All filters increase the gap be- because it has a small wave number (the axial wave number com-14 ponent), will have two large wave number components (the ones 15 normal to the filament axis). Due to these wave components, it will 16 also be filtered out by the filter g bs . A similar situation also holds 17 for the sheets. Thus filaments and sheets are always partially re-18 moved when a filtering, either anisotropic or isotropic, is applied. 19 The situation changes with compact structures (the blob), which 20 non ambiguously belong either to the large scale range or to the 21 intermediate-small scale range. The different behavior shown in Figs. 6 and 9 is therefore mainly due to the blob contributions, and, 23 since the variation in the cumulative distributions is opposite and 24 almost of the same magnitude, it is possible to deduce that the par- 25 tial removal of the background filaments and sheets, which is al- 26 ways done regardless of the filter typology (high pass, band pass, 27 low pass,..), is not statistically relevant. In other words, it appears 28 reasonable to conclude that until a better way to select and remove 29 anisotropic structures such as filaments and sheets is found, first 30 order statistical modification associated to their presence/absence 31 will not be clearly seen.
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Lastly, it is interesting to observe that the box filtering of small 33 scales modifies the vortex stretching statistics to a great extent. 
Conclusions
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We have collected a set of statistical information about the 12 vortex stretching intensity normalized by the enstrophy in an 13 isotropic turbulence at Re λ = 280 and in a nearly Gaussian field 14 obtained by randomizing with ∧ a uniform distribution the phases 15 of the velocity Fourier transform. The randomized field is assumed 16 as a statistical reference and is considered a ∧ sufficiently good rep- [29] A.N. Kolmogorov 
